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Aurora Borealis: interaction of electrons with
oxygen and molecular nitrogen.

Cerenkov radiation: is radiation emitted when a charged
particle) passes through matter at a speed greater than the
speed of light in that medium. The characteristic "blue glow" of
nuclear reactors is due to Cerenkov radiation.

BRAGG Peak

Proton therapy: (used in treatment
of tumours): 230 MeV p can penetrate
in 32 cm tissue

RELATIVE DOSE

wide application area: ion implantation, fundamental particle physics, nuclear
physics, radiation damage, radiology, Rutherford backscattering spectroscopy, and "
plasma-first wall interaction in a nuclear-fusion reactor
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Some Pioneers:

“Les rayons alpha sont des

projectiles matériels
susceptibles de perdre de leur vitesse
en traversant la matiére” (1900)
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Physics Behind the RANGE Module

* The RANGE module uses the SRIM "engine" for heavy ions, alphas and protons.
* Own codes for the calculations for electron, positron and muon projectiles.

* The interaction of incident particles with target electrons can be calculated from
Bethe’s theory, and this gives rise to the “Collisional Stopping Power”. The

interaction between incident particles (electrons or positrons) and target nucleus
results in Bremsstrahlung, and this gives rise to the “Radiative Stopping Power”.

* The collisional stopping power of matter is calculated by considering the effective
charge approximation.

* For Radiative Stopping Power, RANGE module uses simple ratio:
S,.d/Scon = ZE/800

* For electrons, positrons and muons, Continuous Slowing Down
Approximation (CSDA): R(E) = I dE’
S(E") .

Eabs
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Test Results for Alphas
In this section, we give the results of stopping power and ranges for alphas in H (gas), Pb (selid) and water (iquid). We have compared the
results for RANGE module with those from ASTAR. Obtained results are shown in the figs.7-12 for these targets.

Alphas in H (Gas) [edit]

Calculated results are shown in fig. 7 for stopping power and in fig 8 for range. We have alse given the mean errors in tables (see figs.7-6)
for stopping power and for range, respectively.

[
Figure 7. The stopping povver results for alphas on H (Gas). 0 TR D D il (EEs) &
. ) fesin
Alphas in Pb (Solid)

The calculations of topping pawer and range for the alghas were carried aut in Pb to test solid targets. Obtained results are shown in figs.
9 and 10 far stopping power and range, respectively. As can be seen from the figures, obtained results are quite agree with the results of
ASTAR
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Calculation using SEIM-2006
SRIM wersion ——:

———» April 07, 2008

Disk File Hame = range out? txt

Ion = Helium [2]

. Mas= = 4 002603 amu

Den=sity = 1. 0000E+00 g-cm3
Target Composition

Atom Atomic
Humhb Percent

oio.
023.
ooz.
063.
ooo.
ooo.
ooo.
ooo.
ooo.

Bragg Correction

Stopping Units = ke?/(mg/cm2)
See bottom of Table for other Stopping units=

Ion = Helium [2]

P95.993 eV 9.609E+01
1.008E+02
1.053E+02
1.096E+02

. Mas= = 4. 002603 amu

1.382E+02
1.364E+02
1.346E+02
1.328E+02
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Target: User-defined compounds
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Range Calculations fedit
Wiost of the transport calculations andMante Carlo simulations for the calculation of
Range are based on the so-called Continuous Stewing Down Approximation (CS0A]). In
this approximation, it is assumed that the particle losseStsenergy in a continuous way
and at a rate equal to the stopping power. Since the stopping powerds the energy loss of
projectile per unit path, CSDA range (or Bethe range) is calculated by

E U
, db
w0 = .. s
Eaba

where £, is the energy where particle is effectively absorbed. CSDA range is the path
length traveled by the particle and since energy-loss fluctuations are not considered,
CSDA range is always higher than projected range (12, ) which is the distance between
the point where particle enters the stopping medium and the point where particle is
absorbed (or come to rest). It becomes important when the projectile’s energy is low
enough.

SRIM uses PRAL (Projected Range ALgorithm) [B] equations for calculating projected

range. To second arder it involves iterating the difference equation

AE? — (2EuSn + pQu) Rp(E0) | Akp
4ES5; —2p0), E

Ry(Eo + AEy) = Ry(En) + [

Test Results for Protons [edit)
Wye calculated the stopping powers and ranges of H (Gas), Pb (golid) and water (Liguid) for protons and compared the results with
PSTAR.

Protons on H (Gas) [edrd
As can be seen in fig.1, overall agreement with PSTAR is quite good. Compating the RANGE module's results with PSTAR, the
owerall mean errar in energy range from 1 ket to 1 GeY' is 0.8 %, mean error is 1.8 % in energies below 400 ke and mean errar
in energies below 10 ket is 2.5 %

Stopping Power (We\/ cm/g)
Projected Range igiom

1 01 [E]
Energy (MeV) Energy (MeV)

Figure 1. The stopping power results for protons in H (Gas). Figure 2. The range results of protons in H (Gag).
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Range Calculations with Nucleonica Scripting

Scripting language:

Classes

Main Methods

range

CalculateMono()

CalculateCompound()

CalculatePredefinedComp
ound()

AddCompound()

OriginConfigureSP()

OriginGraphSP()

OriginConfigureRange()

OriginGraphRange()

rangeResult

ProjRange();
massthickness();

StragLong(); StragLat();
etc.

Activity [Bq]

Case Study: The isotope pair 220U/226Th as a candidate for
targeted alpha therapy - optimization of 22U production

U228 ﬂ U230 . U232 U233 U234
a1m 208d 69.85y 1655y 0.0055
Pa227 Pa228 Pa230 Pa231 Pa232 Pa233
383m 22h 174d 334y 131d 27d
ec,
3n
4 b
Th226 Th228 Th229 Th230 Th231 Th232
3057 m 181y T5E4y 106 d 100
202d | 7.3E3y W

The production dynamics of

230Pa and 23U during 50 h " The 35-day-dynamics of 230U
proton activation of the Th foil accumulation in the decay of 22°Pa

20 an
Time [hours]
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CONCLUSIONS

The RANGE module:

* provides a user-friendly interface for quick and accurate calculations on the
range and stopping powers of charged particles.

* can calculate SP and Range for electrons, positrons, protons, alphas, muons
and heavy ions in a variety of different natural elements, pre-defined and
user-defined compounds.

* Testresults show agreements of less than 5% for protons and alphas, less
than 10% for electrons and positrons, and less than 7% for muons for the
total stopping powers and the CSDA Ranges. The Range module uses SRIM
for heavy particles with a known accuracy of less than 5%.

* give freedom to the user for selecting the energy and stopping power units.

* provides high quality graphs for SP and Range.

* can be used in the Nucleonica scripting language.

'y
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Thanks!
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